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AbstractHearing loss is one of the most common chronic
health conditions and has important implications for the
patient’s quality of life. However, hearing loss is sub-
stantially underestimated and under treated. The pur-
pose of this study was to determine the prevalence of
sensorineural hearing loss among the workers in a steel
rolling mill in Nigeria. Each of the 150 randomly selected
subjects had a structured questionnaire administered to
them, followed by a full otological examination. Of these,
116 had tympanometry and pure-tone audiometry. Also
a noise mapping of their respective work units was done.
The workers were exposed to noise levels varying from
49 to 93 dBA. About 28.2% of the 103 who had their
audiogram analysed had mild to moderate sensorineural
hearing loss in their better ear and 56.8% of them had
mild to moderate sensorineural hearing loss in their
worse ear. The pure-tone average and the average hear-
ing thresholds at 4 kHz for the groups signiﬁcantly in-
creased with an increasing noise exposure level. The
prevalence of sensorineural hearing loss among the study
population is high; and noise exposure is at least con-
tributory. Pre-employment and regular audiometry while
on the job is highly recommended.
Keywords Occupational noise exposure Æ Sensorineural
hearing loss Æ Steel rolling mill Æ Nigeria
Introduction
Hearing loss is one of the most common chronic health
conditions and has important implications for the
patient’s quality of life. However, hearing loss is sub-
stantially underestimated and under treated [1, 2].
Exposure to excessive noise is the major avoidable
cause of permanent hearing impairment worldwide [3,
4]. Noise induced hearing loss (NIHL) is rated among
the top ten work related problems, and as the most
prevalent irreversible industrial disease and the biggest
compensatable occupational hazard [1, 4, 5].
The WHO program for the prevention of deafness
and hearing impairment (PDH) is especially targeted at
developing countries where there is a serious lack of
accurate population-based data on the prevalence and
causes of deafness and hearing impairment, NIHL
inclusive [4, 6, 7].
The purpose of this study was to determine the
prevalence of sensorineural hearing loss among the noise
exposed and the non-noise exposed workers in a steel
rolling mill in Nigeria.
Materials and methods
A random sample of 150 steel rolling-mill workers was
selected from all sections (including non-production
areas) based on a sampling fraction of one fourth, i.e.
one of every four workers (workers in each unit were
serially numbered and every fourth worker was included
in the study). They were initially screened to exclude
subjects with pathological external and middle ear as
well as those currently working in sections classiﬁed as
non-noise but who had been exposed to excessive noise
in the past.
Each subject had an interview questionnaire admin-
istered to obtain their, socio-demographic data and
background occupational experience. Then they had an
otological examination, including otoscopy using a dry
cell operated auroscope to rule out the presence of any
signiﬁcant aural pathological conditions. Through this
34 subjects were excluded from the study: 14 for chronic
suppurative otitis media, four for scarred tympanic
membrane, four for dull tympanic membrane, three for
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retracted tympanic membrane and nine for impacted
cerumen that could not be immediately evacuated.
The remaining 116 subjects with apparently normal
external and middle ears then had tympanometry using
impedance audiometer AT 235 employing standard
procedure [8].
They also had conventional frequency (0.25–8 kHz)
audiometry using a duly calibrated diagnostic audiom-
eter, Danplex AS 67 in a quiet room in the factory clinic
(sound level about 36 dBA) [6, 9], employing standard
procedure [8]. (For logistic reasons, subjects could not
be transferred to our hospital for audiometry in a sound
proof booth. Although this is less than optimal, it is
acceptable given the measured sound level and a recent
observation of the signiﬁcant agreement between hear-
ing thresholds measured in non-soundproof working
environments and soundproof booth [9].) Thirteen other
subjects were excluded on grounds of abnormal tym-
panogram and/or conductive hearing loss. Thus, 103
subjects had their audiogram results analysed.
The current noise exposure of the workers was esti-
mated using sound level meter Testo 815 (Testo GmbH
& Co. Lenzkirch, Germany) on a decibel-A (dBA) scale
duly calibrated with a sound level meter calibrator,
Testo 0554.0009(Testo GmbH & Co. Lenzkirch, Ger-
many) [10, 11] The microphone of the sound level meter
was positioned at the ear level of the workers in each
unit [12]. Readings were taken when the sound level
became steady for at least 10 s. The average of eight
essentially constant hourly readings between 9.00 am
and 4.00 pm was calculated.
The subjects were divided into four groups based on
the average noise levels observed at their worksites (93,
86, 72 and 49 dBA).
Pure-tone average was calculated for frequencies 0.5–
4.0 kHz [13] and pure-tone averages were classiﬁed into
one of the following hearing loss categories: mild 26–
40 dBHL, moderate 41–70 dBHL, severe 71–95 dBHL
and profound > 95 dBHL [13].
The data generated was analysed using EPI-INFO
Version 6.04 computer software. Diﬀerences were con-
sidered signiﬁcant when P < 0.05.
The study protocol was approved by our university
teaching hospital ethics committee. The consent of the
management of the steel rolling mill and individual
subject consent were sought and obtained.
Results
One hundred and three workers, 96 (93.2%) males,
mainly in the fourth (25.2%) and ﬁfth (58.3%) decades
of life were enrolled in this study. About two-thirds of
them have tertiary education. Twenty-eight (27.2%)
work in the administrative area (average sound level of
49 dBA); 18 (17.5%) in the mechanic/maintenance
workshop (72 dBA); 44 (42.7%) mill ﬂoor production
area (86 dBA); and 13 (12.6%) ﬁnishing stage produc-
tion area (93 dBA). About 90% of the respondents have
been working in this factory for 10–29 years (mean
16.0 years ± SD 5.00) and they have spent a mean of
12 years ± SD 6.81 working in their current units
(Table 1). All workers except four work for 8 h a day,
5 days of the week.
About 28.2% of the 103 who had their audiogram
analysed had mild to moderate sensorineural hearing
loss in their better ear and 56.8% of them had mild to
moderate sensorineural hearing loss in their worse ear
(Table 2). The average hearing threshold at 4 kHz for
the groups increased with an increasing noise exposure
level; so also was the pure-tone average. The relationship
were statistically signiﬁcant (Tables 3, 4)
The pure-tone average of the subjects increased with
an increasing length of exposure, except at the extremes
that have disproportionately few subjects. The rela-
tionship was statistically signiﬁcant (Table 5).
Also the relationship between the pure-tone average
and the awareness of exposure to noise was statistically
signiﬁcant (Table 6).
Discussion
Humans show diﬀering susceptibility to noise damage
even under very carefully controlled exposure conditions
[14]. This diﬀerence in susceptibility may be related to
unknown genetic components [14]. At 80 dBA there is
no material risk in the vast majority of individuals [15].
At 85 dBA there is a marginal risk with susceptible
individuals accruing hearing impairment from a life-time
of exposure [15]. Many authorities agree that regulations
regarding risk from exposure to noise at work entail
action at levels of 85 dBA and above [5, 10, 15]. At
90 dBA and above the risk of NIHL becomes material,
with the majority of individuals accruing a signiﬁcant
hearing impairment [15]. Generally, the prevalence of
hearing loss increases with an increasing noise level
exposure [10, 16, 17].
No one in the study population had a pre-employ-
ment pure-tone audiometry to determine his baseline-
hearing threshold. This study was the ﬁrst of such tests
for nearly all of them. While the blame for the failure to
test their hearing can be laid on the individual workers
or their employers, the fact is that there are few facilities
and personnel for audiological assessment in our envi-
ronment. Although, there is a gradual improvement al-
ready, NGOs could complement the eﬀorts of the
government to establish audiological facilities in devel-
oping countries [6].
At the time of this test 28.2% of the study population
already had mild to moderate sensorineural hearing loss
in their better ear and 56.8% in their worse ear. How
much of this is attributable to their present employment
is diﬃcult to determine since there was no pre-employ-
ment audiometry. Pre-employment medical test is al-
ready an entrenched procedure in most organisations.
Insistence on the inclusion of pure-tone audiometry is
recommended particularly in employments associated
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with harmful noise. Also regular audiometry screening
while on the job, say yearly, is useful in detecting early
sensorineural hearing loss so that such workers are
quickly reassigned to less hazardous areas or the noise
level in the working area can be put under control. In
this respect otoacoustic emission measurement is more
sensitive than conventional pure-tone audiometry in
monitoring employees with early NIHL [18–20]. Also,
otoacoustic emission measurements may be useful in
diﬀerential diagnosis of occupational NIHL from other
diseases with cochlear hearing loss such as ototoxicity
and presbyacusis with similar audiogram pattern [21].
In this study population there is ample evidence that
noise is probably responsible for the high prevalence of
sensorineural hearing loss. There was a statistically sig-
niﬁcant diﬀerence in the pure-tone average of the sub-
jects when correlated with the noise level they were
exposed to [10, 16, 17, 22]. Also, workers with prolonged
stay in their noisy departments had signiﬁcantly in-
creased pure-tone average [2, 11, 16, 17, 23, 24]. The
relationship between awareness of exposure to noise and
pure-tone average was statistically signiﬁcant [10].
Importantly the average threshold at 4 kHz, known to
be the most sensitive to noise damage [9–11, 16], in-
creased with higher noise exposure. So, where possible
eﬀorts should be made to reduce the noise from factory
machines by technological innovation in their manu-
facturing, regular maintenance, or isolation of these
machines from direct human contacts. Also, ear pro-
tection from harmful noise should be rigorously pur-
sued.
Table 1 Socio-demographic characteristics N = 103
Variable Frequency (%)
Age
20–29 3 (2.9)
30–39 26 (25.2)
40–49 60 (58.3)
50–59 14 (13.6)
Sex
Males 96 (93.2)
Females 7(6.8)
Education
No formal education 1 (0.9)
Primary 17 (16.5)
Secondary 20 (19.4)
Tertiary 65 (63.1)
Department
Finishing 13 (12.6)
Production (Mill ﬂour) 44 (42.7)
Mechanic workshop 18 (17.5)
Admin. 28(27.2)
Period since been
a Factory worker (years)
0–9 8 (7.5)
10–19 50 (49.1) Mean 17.1 years
20–29 44 (42.5) ± SD 5.04
30+ 1 (0.9)
Period since working
in this factory (years)
0–9 10 (10.2%) Mean 16.0 years
10–19 49 (48.1%) ± SD 5.00
20–29 44 (41.7%)
Period since working
in present unit (years)
0–9 40 (39.3%)
10–19 38 (36.6%) Mean 12.1 years
20–29 25 (24.1%) ± SD 6.81
Table 2 Prevalence of hearing lossa
Hearing level Better ear Worse ear
Normal ( £ 25 dB) 74 45
Mild hearing loss (26–40 dB) 27 49
Moderate hearing loss (41–70 dB) 2 9
Severe hearing loss (71–95 dB) – –
Total 103 103
a28.2% had mild to moderate hearing loss in the better ear
56.8% had mild to moderate hearing loss in the worse ear
Table 3 Hearing threshold at 4 kHz
Group Left (dB) Right (dB)
28 (A) 18.4 19.7
18 (B) 24.7 26.1
44 (C) 23.8 26.6
13 (D) 27.0 29.5
Table 4 Pure-tone averages in the department
Department Right ear
(± SD) (dB)
Left ear
(± SD) (dB)
Finishing 32.00 (± 8.08) 24.54 (± 8.18)
Mill Floor 29.80 (± 9.30) 23.27 (± 7.29)
Mechanical 31.29 (± 7.27) 23.62 (± 7.27)
Administration 21.41 (± 7.58) 19.82 (± 10.04)
P value 0.000009 0.02
Table 5 Pure-tone average and length of stay in present unit
Length
(years)
Right ear
(± SD) (dB)
Left ear
(± SD) (dB)
0–4 25.73 (± 10.59) 24.36 (± 8.73)
5–9 23.55 (± 6.55) 17.91 (± 6.89)
10–14 26.16 (± 8.42) 19.00 (± 6.20)
15–19 29.59 (± 7.95) 23.59 (± 7.14)
20–24 33.82 (± 8.80) 26.30 (± 8.76)
> 25 21. 50 (± 8.66) 21.50 (± 12.72)
P value 0.001 0.004
Table 6 Awareness of exposure to noise and pure-tone average
Parameter Exposed Non-exposed P value
Pure tone-average
R ear
29.75
(± SD 8.60)
22.67
(± SD 8.10)
0.0009
Pure tone-average
L ear
23.303
(± SD 8.01)
19.67
(± SD 9.23)
0.02
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We can conclude that the prevalence of sensorineural
hearing loss is high in our study population and noise
exposure is at least contributory. We recommend pre-
employment and regular audiometry while on the job
with otoacoustic emission measurements where possible.
These will become feasible if there is provision of more
audiological assessment centres and enforceable legisla-
tion to that respect. Also, periodic inspection by occu-
pational hygiene oﬃcers to monitor compliance with
industrial noise safety standards is advocated. In this
way other possible aetiology of sensorineural hearing
loss among the population could be identiﬁed and
managed.
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